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Development of Clearance Level Verification Evaluation System I

Fabrication of Program for Selection of Nuclides for Measurement and Assessment

Mitsuo TACHIBANA and Tsutomu ISHIGAMI
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Nuclear Cycle Backend Directorate
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 9, 2009)

Clearance activities for a large amount of waste with decommissioning of nuclear reactor facilities have
been planned in the Japan Atomic Energy Agency (JAEA). To improve efficiency of clearance activities,
the clearance level verification evaluation system (CLEVES) has been developed to support safe and
secure clearance of wastes. Program for selection of nuclides for measurement and assessment was
fabricated for selecting nuclides to be evaluated based on relative importance measure for nuclides
according to contamination source or contamination property of clearance objects.

In addition, case studies were carried out by using the program for selection of nuclides for
measurement and assessment based on data concerning actual clearance activities in the JAEA. As a result,
it is reasonable to select nuclides for measurement and assessment by the total evaluation method which
evaluates relative importance measure of each contamination property. However, it has been found to be
able to select nuclides for measurement and assessment safely by the individual method which evaluates
relative importance measure of each contamination source, when it is difficult to analyze evaluated activity
of nuclide.

In this report, outline of program for selection of nuclides for measurement and assessment and

calculated results of case studies by using the program was described.

Keywords: Clearance, CLEVES, Decommissioning, Clearance Verification Measurement, Nuclides for

Measurement and Assessment, Relative Importance Measure
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K1 D9UTSVARLRN)L

9V TFT AR (Balg)
No %iE ESoE BEELLESE1M128H17) | XHBHLESE 49 E(H17)
REFE [RFIFHEER
1 H-3 12.33 4 100 100
2 C-14 5.73E+03 4 1 1
3 Cl-36 3.00E+05 4 1 1
4 Ca-41 1.00E+05 4 100 100
5 Sc-46 83.8 A 0.1 0.1
6 Mn-54 312 B 0.1 0.1
7 Fe-55 2.7 & 1000 1000
8 Fe-59 44.6 B 1 1
9 Co-58 70.8 H 1 1
10 Co-60 5.271 & 0.1 0.1
11 Ni-59 7.50E+04 4 100 100
12 Ni-63 100 4 100 100
13 Zn-65 2441 H 0.1 0.1
14 Sr-90 28.8 & 1 1
15 Nb-94 2.00E+04 £ 0.1 0.1
16 Nb-95 35 A 1 1
17 Tc-99 2.14E+05 & 1 1
18| Ru-106 367 H 0.1 0.1
19| Ag-108m 418 4 0.1 0.1
20| Ag-110m 252 H 0.1 0.1
21| Sb-124 60.2 H 1 1
22| Te-123m 119.7 B 1 1
23 129 1.60E+07 & 0.01 0.01
24| Cs-134 2.062 & 0.1 0.1
25| Cs-137 30.17 & 0.1 0.1
26| Ba-133 10.7 & 0.1 0.1
27| Eu-152 13 4 0.1 0.1
28| Eu-154 8.5 4 0.1 0.1
29| Tb-160 721 8 1 1
30| Ta-182 115 B 0.1 0.1
31 Pu-239 2.41E+04 & 0.1 0.1
32|  Pu-241 14.4 & 10 10
33|  Am-241 433 & 0.1 0.1

*) R.B.Firestone and V.B.Shirley, “Table of Isotopes 8th Edition” ,John Wiley & Sons, New York

(1996)
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HIE  [VUTIVALA | EERREIRE EMERESF EMEEELF
(Balg) (Ba/g) (=) (=)
— =] 23 Fi& 23 F#&
cL D Da/CL (Da/CLY/ % (Da/CL)
H-3 100 | 3.37E-01 9.25E-04 6.34E-03
C-14 1] 1.26E-04 1.26E-04 8.62E-04
Cl-36 1] 6.22E-06 6.22E-06 4.27E-05
Ca-41 100 |  5.18E-04 5.18E-06 3.55E-05
Sc-46 01|  4.57E-02 3.01E-31 2.07E-30
Mn-54 01|  1.56E-06 1.23E-13 8.45E-13
Fe-55 1000 | 1.74E-01 5.06E-07 3.47E-06
Fe-59 1] 141E-02 0.00E+00 0.00E+00
Co-58 1| 7.49E-08 1.47E-43 1.01E-42
Co-60 0.1  1.24E-01 4.13E-01
Ni-59 100 | 1.17E-06 1.17E-08 8.02E-08
Ni-63 100 | 1.35E-04 1.15E-06 7.90E-06
Zn-65 04[]  3.29E-03 1.46E-12 1.00E-11
Sr-90 1] 1.71E-08 9.83E-07 6.74E-06
Nb-94 04[]  1.06E-07 1.06E-06 7.26E-06
Nb-95 1| 9.77E-05 0.00E+00 0.00E+00
Tc-99 1] 5.12E-08 5.12E-08 3.51E-07
Ru-106 01|  6.37E-07 1.08E-12 7.44E-12
Ag-108m 04 472605 4.54E-04 3.12E-03
Ag-110m 04[]  2.09E-03 1.57E-12 1.08E-11
Sb-124 1] 334E-04 3.28E-14 2.25E-45
Te-123m 1| 6.54E-15 4.88E-36 3.35E-35
1129 0.01|  356E-13 3.56E-11 2.44E-10
Cs-134 01|  1.256-03 5.55E-06 3.80E-05
Cs-137 0.4  1.74E-06 1.02E-05 7.02E-05
Ba-133 01 ]  2.36E-03 5.19E-03 3.56E-02
Eu-152 01|  2.46E-02 5.20E-01
Eu-154 04|  1.95E-03 3.05E-03 2.09E-02
Tb-160 1] 7.93E-04 8.35E-39 5.73E-38
Ta-182 01|  5.71E-04 5.89E-25 4.04E-24
Pu-239 04[]  3.08E-08 3.08E-07 2.11E-06
Pu-241 10| 1.62E-23 3.33E-25 3.66E-24
Am-241 01|  9.81E-26 9.45E-25 6.48E-24
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xR 3 MEHEEICLDFAERR (T RIGHR)

MIE | 9UTIVALAL HEE RS BEREE BHMERES | AXERELF
FP cP H we
(Ba/g) (Ba/g) (Ba/g) (Ba/lg) (Ba/g) (=) (=)
— FLE e Fur 23 F#& 23 F#& 23 F#&
cL Dr Dc Dx D Dy/CL DJ/CL/Z(Ds/CL)
H-3 100| 4.87E+06 | 5.24E+07 | 2.53E+05 | 1.58E+07 | 1.58E+05 2.74E-05
C-14 1| 1.34E+02 | 1.79E+05 - 1.79E+05 | 1.79E+05 3.10E-05
CI-36 1| 0.00E+00 | 3.51E+03 - 351E+03 | 3.51E+03 6.09E-07
Ca-41 100| 0.00E+00 | 1.99E+02 - 1.99E+02 |  1.99E+00 3.45E-10
Sc-46 0.1] 0.00E+00 | 1.07E+05 - 7.05E26 |  7.05E-25 1.22E-34
Mn-54 0.1] 0.00E+00 | 9.12E+06 - 7.20E-02 |  7.20E-01 1.25E-10
Fe-55 1000] 0.00E+00 | 2.82E+09 - 8.21E+06 | 8.21E+03 1.42E-06
Fe-59 1| 0.00E+00 | 2.46E+08 - 3.65E-49 |  3.65E-49 6.33E-59
Co-58 1| 0.00E+00 | 1.93E+07 - 3.78E29 |  3.78E-29 6.55E-39
Co-60 0.1] 0.00E+00 | 1.24E+09 — 6.02E+07
Ni-59 100| 0.00E+00 | 1.15E+06 - 1.15E+06 |  1.15E+04 1.95E-06
Ni-63 100| 0.00E+00 | 1.44E+08 - 123E+08 |  1.23E+06 2.13E-04
Zn-65 0.1] 0.00E+00 | 291E+07 - 1.30E-03 |  1.30E-02 2.25E-12
S-90 1| 5.45E+08 | 1.21E+03 - 313E+08 | 3.13E+08 5.43E-02
Nb-94 01| 145E+00 | 2.01E+03 - 2.01E+03 |  2.01E+04 3.48E-06
Nb-95 1| 7.43E+09 | 5.35E+05 - 0.00E+00 |  0.00E+00 0.00E+00
Tc-99 1| 1.26E+05 | 1.53E+02 - 126E+05 | 1.26E+05 2.18E-05
Ru-106 01| 2.13E+09 | 2.70E+03 - 3.63E+02 | 3.63E+03 6.29E-07
Ag-108m 01| 2.80E-01 | 3.95E+04 - 3.80E+04 |  3.80E+05 6.59E-05
Ag-110m 01| 4.71E+06 | 1.68E+06 - 481E-04 |  4.81E-03 8.34E-13
Sb-124 1| 6.22E+05 | 1.35E+06 - 191E-36 |  1.94E-36 3.36E-46
Te-123m 1| 1.41E+03 | 9.61E+03 - 8.23E-18 |  8.23E-18 1.43E-27
129 0.01| 242E+02 | 6.01E-04 - 242E402 | 2.42E+04 4.20E-06
Cs-134 01| 2.21E+08 | 1.62E+05 - 9.81E+04 | 9.81E+05 1.70E-04
Cs-137 0.1] 8.06E+08 | 1.52E+03 - 4.74E+08
Ba-133 0.1] 3.32E+00 | 4.21E+05 - 9.25E+04 |  9.25E+05 1.60E-04
Eu-152 01| 3.17E+04 | 1.24E+00 - 9.77E+03 |  9.77E+04 1.69E-05
Eu-154 01| 1.35E+07 | 1.90E+05 - 214E406 |  2.14E+07 3.71E-03
Tb-160 1| 1.01E+06 | 4.56E+05 - 154E-29 | 1.54E-29 2.67E-39
Ta-182 0.1] 0.00E+00 | 1.78E+05 - 140E-17 | 1.40E-16 2.43E-26
Pu-239 0.1] 3.62E+06 | 3.66E+00 - 3.62E+06 |  3.62E+07 6.28E-03
Pu-241 10| 7.35E+08 | 1.01E+03 - 242E+08 | 2.42E+07 4.20E-03
Am-241 0.1] 2.80E+06 | 4.75E+00 - 2.70E+06 |  2.70E+07 4.68E-03

Total  5.92E+09
FP: &2 HERY. CPERERY. H: EKOMEHE
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(Ba/g) (=) (9/Bq) (—)
— 23 &k 23 &tk 23 &k
CL Re RF/CL (RE/CL)/Z(RE/CL)
H-3 100 2.82E-03 2.82E-05 2.51E-06
C-14 1 2.82E-07 2.82E-07 2.51E-08
CI-36 1 0.00E+00 0.00E+00 0.00E+00
Ca-41 100 0.00E+00 0.00E+00 0.00E+00
Sc-46 0.1 0.00E+00 0.00E+00 0.00E+00
Mn-54 0.1 0.00E+00 0.00E+00 0.00E+00
Fe-55 1000 0.00E+00 0.00E+00 0.00E+00
Fe-59 1 0.00E+00 0.00E+00 0.00E+00
Co-58 1 0.00E+00 0.00E+00 0.00E+00
Co-60 0.1 0.00E+00 0.00E+00 0.00E+00
Ni-59 100 0.00E+00 0.00E+00 0.00E+00
Ni-63 100 0.00E+00 0.00E+00 0.00E+00
Zn-65 0.1 0.00E+00 0.00E+00 0.00E+00
Nb-94 0.1 3.06E-09 3.06E-08 2.73E-09
Nb-95 1 1.15E-38 1.15E-38 1.02E-39
Tc-99 1 2.66E-04 2.66E-04 2.37E-05
Ru-106 0.1 7.00E-07 7.00E-06 6.24E-07
Ag-108m 0.1 5.21E-10 5.21E-09 4.65E-10
Ag-110m 0.1 7.46E-13 7.46E-12 6.65E-13
Sb-124 1 1.28E-45 1.28E-45 1.14E-46
Te-123m 1 2.21E-27 2.21E-27 1.97E-28
1-129 0.01 5.16E-07 5.16E-05 4.60E-06
Cs-134 0.1 2.04E-04 2.04E-03 1.82E-04
Ba-133 0.1 1.54E-09 1.54E-08 1.37E-09
Eu-152 0.1 2.02E-05 2.02E-04 1.80E-05
Eu-154 0.1 4.45E-03 4 45E-02 3.96E-03
Tb-160 1 2.23E-38 2.23E-38 1.99E-39
Ta-182 0.1 0.00E+00 0.00E+00 0.00E+00
Pu-239 0.1 7.71E-03 7.71E-02 6.87E-03
Pu-241 10 5.11E-01 5.11E-02 4.55E-03
Am-241 0.1 3.95E-02 3.95E-01 3.52E-02
Total 1.12E+00
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1%iE TIVALAL | HETETRETRERE L HEXEEE HEXMEEEL
(Ba/g) (=) (9/Bq) (=)
— 23 &£t 23 &£t 23 &£t
cL Rs R«/CL Rs/CL/(ZRs/CL)
H-3 100 2.39E-01 2.39E-03 2.38E-04
C-14 1 2.96E-03 2.96E-03 2.95E-04
Cl-36 1 5.84E-05 5.84E-05 5.81E-06
Ca-41 100 3.30E-06 3.30E-08 3.01E-09
Sc-46 0.1 1.18E-33 1.18E-32 1.17E-33
Mn-54 0.1 1.20E-09 1.20E-08 1.19E-09
Fe-55 1000 1.36E-01 1.36E-04 1.35E-05
Fe-59 1 0.00E+00 0.00E+00 0.00E+00
Co-58 1 6.96E-37 6.96E-37 6.92E-38
Ni-59 100 1.92E-02 1.92E-04 1.91E-05
Ni-63 100 2.05E+00 2.05E-02 2.04E-03
Zn-65 0.1 2.06E-11 2.06E-10 2.05E-11
Sr-90 1 1.14E-05 1.14E-05 1.13E-06
Nb-94 0.1 3.34E-05 3.34E-04 3.32E-05
Nb-95 1 2.53E-43 2.53E-43 2.52E-44
Tc-99 1 2.55E-06 2.55E-06 2.54E-07
Ru-106 0.1 6.98E-12 6.98E-11 6.95E-12
Ag-108m 0.1 5.79E-04 5.79E-03 5.76E-04
Ag-110m 0.1 2.10E-12 2.10E-11 2.09E-12
Sb-124 1 2.18E-44 2.18E-44 2.17E-45
Te-123m 1 1.18E-25 1.18E-25 1.17E-26
1-129 0.01 1.01E-11 1.01E-09 1.00E-10
Cs-134 0.1 1.18E-06 1.18E-05 1.17E-06
Cs-137 0.1 1.49E-05 1.49E-04 1.48E-05
Ba-133 0.1 1.54E-03 1.54E-02 1.53E-03
Eu-152 0.1 6.23E-09 6.23E-08 6.20E-09
Eu-154 0.1 4.94E-04 4.94E-03 4.91E-04
Tb-160 1 7.96E-38 7.96E-38 7.92E-39
Ta-182 0.1 5.45E-12 5.45E-11 5.42E-12
Pu-239 0.1 6.15E-08 6.15E-07 6.12E-08
Pu-241 10 5.51E-06 5.51E-07 5.48E-08
Am-241 0.1 4 41E-07 4 41E-06 4.39E-07
Total 1.01E+01
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